We analyze the time profiles of individual gamma-ray burst (GRB) pulses that are longer than 2 s by performing analytical fits that are based on empirical descriptions of GRB spectral evolution. These analytical profiles are independent of the emission mechanism and can be used to model the burst light curves in a unique way. Using this method we have fit a sample of 78 individual GRB pulses, allowing us to examine the fluence, pulse width, asymmetry, and rise and decay power law distributions. We compare these parameters with those predicted to occur if individual pulse shapes are created purely by relativistic curvature effects in the fireball model, a process that makes specific predictions about the morphology of GRB light curves. We find that the average GRB pulse tail fades faster then the value predicted by curvature effects. We also find that the asymmetry exhibited by the fundamental GRB shape varies little from pulse to pulse and is independent of pulse duration or intensity. We discuss several mechanisms that would cause these behaviors.
Introduction
The temporal structure of gamma-ray bursts (GRBs) varies drastically, with no apparent pattern between bursts. Of the >2704 GRBs detected by the BATSE instrument onboard the Compton Gamma Ray Observatory (CGRO), less then 10 % of the detected light curve profiles can be categorized as being similar in overall shape or morphology. It is generally believed that these pulses represent the fundamental constituent of GRB time profiles (light curves), and appear as asymmetric pulses with a fast rise and a slower decay (often denoted FRED "Fast Rise and Exponential Decay"). Each pulse is assumed to be associated with a separate emission episode with complex GRBs being superpositions of several such episodes, of varying amplitude and intensity. Although the duration and amplitude of the FRED pulses vary considerably, the shape is the only recurring pattern that can be distinguished among the vast range of complex GRB light curves that have been observed.
The observed γ-ray pulses are believed to be produced in a highly relativistic outflow, an expanding fireball, based on the large energies and the short time scales involved. There are several possible mechanisms underlying the emission, although the commonly assumed scenario is that individual pulses are created as shocks internal to the relativistic outflow tap the kinetic energy and accelerate leptons which radiate. In this paper we base our discussion on this standard, fireball model, in which the γ-rays arise from the internal shocks at a distance of R ∼ 10 13 − 10 17 cm from the initial source. The episodic nature of the outflow causes inhomogeneities in the wind to collide and thus creating the shocks. The dominant emission mechanisms are most probably non-thermal synchrotron ( (Tavani 1996) , (Lloyd & Petrosian 2000) ) and/or inverse Compton emission (Liang, Kocevski, Boettcher 2003) , but there have been other suggestions, for instance, thermal, saturated Comptonization (Liang 1997) . The simplest scenario here is to assume an impulsive heating of the leptons and a subsequent cooling and emission. Therefore, the rise phase of the pulse is attributed to the energization of the shell and the decay phase reflects the cooling of the energized particles.
As many authors have pointed out, this cooling interpretation does not work well when applied to non-thermal synchrotron emission because the radiative cooling timescales alone are typically much too short to explain the pulse durations. For example, if we interpret the average break energy of a GRB (∼ E pk ) as the characteristic energy of synchrotron self absorption, then the resulting magnetic field must be extremely high, about 1 × 10 7 to 1 × 10 8 Gauss. Similar estimates are obtained if we assume equipartition conditions between the lepton energy and the magnetic field. In either case, such a high B field would create a synchrotron cooling timescale on the order of 10 −5 seconds in the comoving frame (Wu & Fenimore 1996) . One resolution to this problem is through relativistic effects. If the relativistic fireball expands with a Lorentz factor of Γ > 100, then the geometry of the shell would make radiation emitted off the line of sight delayed and affected by a varying Doppler boost (See Figure 2) . This would cause the GRB spectra to evolve to lower energies and produce decay profiles much longer then the microscopic cooling timescale. These relativistic curvature effects would produce a signature decay profile that can be obtained analytically and searched for in a sample of GRB pulses. Thus it is of great importance to characterize the individual pulse profiles within GRBs and study their parameter distributions.
Several investigations along the lines of pulse modelling have perviously been made. Initially, the pulse profiles were modelled by "stretched exponential" functions, both for the rise phase and for the decay phase (Norris et al. 1996; Lee et al. 2000a,b) :
where t max is the time of the maximum flux, F 0 , of the pulse, τ r,d are the time constants for the rise and the decay phases, respectively, and ν is the peakedness parameter 3 . Such a function is very flexible which makes it possible to describe the whole shape of most pulses, and to quantify the characteristics of the pulses for a statistical analysis, most notably their location, amplitude, width, rise phase, transition phase, and decay phase. Norris et al. (1996) studied a sample of bursts observed by the BATSE and found that the decay generally lies between a pure exponential (ν = 1) and a Gaussian (ν = 2). Lee et al. (2000a,b) studied approximately 2500 pulse structures, in individual energy channels, using the high time resolution BATSE TTS data type. They confirmed the general behavior that pulses tend to have shorter rise times than decay times.
The stretched exponential was introduced because of its very flexible nature, although recently have proposed that the decay phase would be better described by a power law, which in terms of energy flux is :
See §2 for the derivation of equation (2) and definition of d. The motivation for this type of shape is entirely based on empirical relations describing the evolution of the GRB spectra during the decay phase of individual pulses. Ryde & Petrosian (2002) have recently shown that the form expressed in equation 2 can be produced through simple relativistic kinematics when applied to a spherical shell expanding at extreme relativistic velocity. They show that the effect of Doppler boosting of off axis photons can reproduce the two well known empirical correlations observed in the GRB spectra, namely the hardness-intensity and hardness-fluence correlations (HIC and HFC respectively), in a manner that is highly predictive of the resulting light curve profile. In this model the photons emitted directly at the observer are boosted by a factor of 2γ whereas the photons emitted off the line of sight are boosted by Γ(1 − βµ) −1 and delayed by R/c(1 −µ), where µ = cos(θ), providing a robust method of producing the spectral evolution observed in most GRB pulses (see Figure 2 for an illustration). In this model there are three main time scales relevant for a pulse: the shell crossing time, the angular spreading time, and the cooling time. The first two time scales are comparable and dominate over the third and compete with each other to produce the observed results. They find that for the case of "pure" spherical curvature, where the curvature time scale dominates over the intrinsic light curve profile (the shell crossing time), the convolved light curves will asymptotically reach a power law of index d = 2. However, if the crossing time scale and the curvature time scales are comparable, then the resulting light curve will have some convolved shape and the index value of 2 will only be manifested at late times in the pulse decay.
It must be emphasized that this treatment assumes that the variations in the GRB spectral indices α and β tend to be small over the length of the pulse, which may not necessarily be the case. In order to account for this, Fenimore et al. (1996) and Fenimore & Sumner (1997) used a photon number spectra which they described by a single power law index equal to the average value of (α + β)/2. They examined the resulting light curve and spectral evolution that would be expected if the FRED profile were due primarily to relativistic effects. They conclude that the decay phase of FRED profiles should be independent of intrinsic spectral variations and should scale roughly as T −α−1 . If we assume that the rest-frame photon number spectrum has an average index ofᾱ = 1 (Preece et. al. 2000) , then the expected asymptotic decay rate is similar to the value found by Ryde and Petrosian of d = 2. Therefore, one of the primary goals of this paper is to model the FRED light curves using an analytic function derived using physical first principles and relations describing the spectral evolution of GRBs to obtain parameters that uniquely quantify the shape of smooth pulses and compare those values to the predicted signatures of relativistic kinematics. In section 1, we review the empirical hardness-intensity and hardness-fluence correlations which are crucial to the derivation of an analytic pulse model. In section 2, we derive an analytic function based on the above mentioned spectral correlations. In section 3, we define a sample of FRED pulses observed by CGRO to which we fit our function to obtain a distribution of model parameters, most notably the decay power law index and pulse asymmetries. In section 4, we discuss our measured parameter distributions and compare them to the values predicted by relativistic geometry. We discuss several mechanisms that can skew the distributions away from the expected values.
Spectral Correlations
Gamma-ray burst continuum spectra have a well known property of evolution as the burst proceeds. This evolution is generally characterized by an overall softening of the spectra to lower energies with time. Two specific correlation between observable quantities have been found that describe this softening in a qualitative manner. The first is the HardnessIntensity Correlation or HIC, which relates the instantaneous hardness of the spectra and the instantaneous energy flux F E , within individual pulses. For the decay phase of a pulse the most common behavior of the HIC is
where E pk,0 and F 0 are the initial values of the νF ν peak and the energy flux at the beginning of the decay phase of each pulse respectively and η is the power law index 4 . This is a general form for non-thermal energy flux spectra that is largely independent of the emission mechanism which gives F an implicit time dependence because the peak energy evolves with time. The original study Golenetskii et al. (1983) found the power law index to vary between 1.5 − 1.7 over the whole GRB. Moreover, Borgonovo & Ryde (2001) studied a sample of 82 GRB pulse decays and found them to be consistent with a power law HIC in, at least, 57% of the cases and for these found η = 2.0 ± 0.7.
The second correlation is the hardness-fluence correlation or HFC; (Liang & Kargatis 1996 1996 which describes the observation that the instantaneous hardness of the spectra decays exponentially as a function of the time integrated flux, or fluence, of the burst:
Where Φ(t) is the photon fluence integrated from the start of the burst and Φ o is the exponential decay constant. Liang and Kargatis (1996) found the HFC to be valid for 35 of 37 smooth GRB pulses during their decay phase. These findings were later confirmed by Crider et al. (1999) who studied a sample of 41 pulses in 26 GRBs and found that the spectral evolution in a majority of the pulses could be described by the HFC. The physical interpretation of the HFC is not immediately clear, but upon differentiation of equation (2), it can been seen that it simply states that the rate of change in the hardness is proportional to the luminosity of the radiating medium (or, equivalently, to the energy density);
Analytic Light Curve Profile
We now follow ? to find an analytical description of the energy flux decay profile. Note that in their original description they used the photon flux, and we will here reformulate their results in terms of the energy flux instead, which makes a physical interpretation easier. Combining the HIC and HFC empirical relations gives the following differential equation governing the spectral evolutioṅ
The solution gives an expression for the energy flux during the decay phase of a pulse
and correspondingly the peak of the νF ν spectra follows
where T ≡ Φ 0 E pk,0 /F 0 . Note that this gives the possibility to measure Φ 0 directly from the light curve with the knowledge of E pk,0 . Introducing d ≡ η/(η − 1) (d as in the asymptotic decay of the energy flux) we can describe the E pk (t) and the F (t) decays as
For the η = 1 case. Note that this representation is completely model independent and is based solely on the empirical HIC and HFC relations that describe GRB's spectral evolution. As will be shown in the following sections, specific models, such as relativistic kinematics, make specific predictions regarding the value of the HIC power law index and hence the value of decay constant d.
Inclusion of the Rise Phase
The analytic profile derived above only describes the decay phase of a pulse, since that is the portion of the GRB time history for which the HIC is a power law (Eq. 3) and the HFC follows Eq. 4. This introduces an ambiguity when fitting equations 9 and 10 to the data, since the power law index d and the time constant T are coupled and are therefore not well constrained by fitting. Furthermore, choosing the moment where the pulse transitions from the rise to the decay phase is somewhat subjective. In order to eliminate these ambiguities, a rise phase must be supplemented to Equations 9 & 10 in order to produce a complete description of the FRED profile. This also allows for additional parameters such as the pulse rise time and asymmetry values to be measured.
We start with the fact that in most physical models both the peak of the energy spectrum and the luminosity are proportional to the random Lorentz factor of the shocked electrons to some power:
and
The functions g(t) and h(t) parameterize the unknown time dependencies on particle densities, optical depth, magnetic field and kinematics, etc. The correlation between hardness and the energy flux can thus be described as
with η ′ = b/a and f (t) = h(t)g(t) −η ′ . During the decay phase of a pulse the power law relation dominates the HIC which has been manifested in previous studies. However, the HIC during the rise phase will be dominated by the unknown function f (t).
We will now assume two simple representations of f (t) and recapitulate the analytical discussion in the previous section to find a description for the shape of the entire pulse.
Power Law Rise
As a first step we assume a simple prescription of the function.
where the power law index, r, stands for the rise. In the case of optically thin synchrotron emission the energy flux is given by F E ∝ E pk τ T B, so the HIC exponent in equation 3 is unity, τ T is the Thompson depth, and B is the magnetic field. In this case the explicit time dependence arises from the evolution of the Thompson depth and the magnetic field strength. Our initial assumption gives rise to a general form that should also emerge when considering other non thermal emission mechanisms.
To fully model the FRED light curve we have to define the time at which the light curve peaks as t = t max or t m for brevity. This allows us to define several new parameters, E pk (t = 0) = E 0 and E pk (t = t m ) = E m and F (t = t m ) = F m and that τ m ≡ F m /E m Φ 0 . The HIC can then be written as:
which combined with the HFC now gives the differential equatioṅ
Now, we define the exponent d (for finite r) to describe the asymptotic power law behavior of the light curve,
. We can now better define the peak of the pulse to be at t = t m by letting dF/dt(t = t m ) = 0 and get the condition that for
. Therefore, for a simple power law rise, the final pulse shape and E pk evolution can be described by:
This four parameter model fully describes a single pulsed GRB event with direct measurements of an observed light curve yielding the values for F m , t m , r, d. This then gives τ m , which in its turn, gives the product E m · Φ 0 . As E m can be measured from the E pk decay, Φ 0 can be deduced.
It must noted that in this scenario (rise+decay), the HIC power law index, η ′ , will correspond to both the implicit power law behavior, E η as well as the explicit behavior, t r . Here η ′ denotes the power law in the second description. The two descriptions coincide as r tends to 0 and as E pk,0 → E m which gives
and thus T = τ m by identification. Note that t m tends to 0 as r approaches 0. It is also readily seen that the asymptotic behaviors as t approaches ∞ are the same.
Exponential Rise
It is reasonable that the rise phase is connected to some transient process, e.g., an initial decrease in optical depth, increase in the number of energized particles, or the merging (or crossing) of two shells. After this initial phase, the original decay behavior as described by equations (9) and (10) should emerge. We therefore try the following prescription
where the time constant τ r now represents the rise phase. This corresponds to h(t) ∝ g(t) η as t >> τ r . We therefore have
which gives the differential equatioṅ
In the same manner as before we define the decay index d by requiring
. Solving the differential equation (22) and combining with equation (21) we find
where A 0 and A 1 are analytical functions of d, τ d , τ r , Φ 0 , F m , E m and t m . There is no analytical expression for the peak time t m , but it can be solved for numerically if the other parameters are known. equation (23) (17) the decay constant is an expression of r and t m . For a sharp rise phase the explicit time dependence will disappear. This is, however, not the case for equation (17).
Data Analysis
For the purposes of this study, we utilize the four channel triggered data provided by the BATSE instrument on board the CGRO spacecraft. This data was gathered by BATSE's Large Area Detector (LAD) discriminator count rate and allow for temporal profiles with 64 ms resolution from 2.048 s before the burst to several minutes after the trigger (Fishman et al. 1994) . The resulting light curve is a sum of the discriminator's four broad energy channels covering approximately 25-50, 50-100, 100-300, and 300 to about 1800 keV allowing for excellent count statistics since the photons are collected over a wide energy band. The background is general fit to a quadratic polynomial using 1.024 s resolution background data that is available from 10 minutes before the trigger to several minutes after the burst. The data along with the background fit coefficients were obtained from the CGRO Science Support Center (GROSSC) at Goddard Space Flight Center through it's public archives.
We selected bursts from the entire BATSE catalog with the criteria that the peak flux be greater then 1.0 photons cm −2 s −1 on a 256 ms time scale. Of these, we selected bursts that exhibited clean single peaked events, or in the case of multi peaked bursts, pulses that were well distinguished and separable from each other. We limited the bursts to events with durations longer then 2 s (full width half max -FWHM), primarily because this study focuses on the properties of long GRB events. There are strong indications that short bursts with T 90 < 2.6 s have different temporal behaviors compared to long bursts and that they may actually constitute a different class of GRBs (Norris, Scargle, & Bonnell 2001) .
Therefore, in this study we are primarily interested in the shape and temporal properties of long GRB events. In the search we did not assume any functional description of the pulse profile, i.e. pulses that didn't look like FREDs were also selected, in order to eliminate any preconceived idea of what the fundamental pulse shape should be. We note that we do not know what the clean, "generic" pulse actually looks like, and some noise, or substructure, in the comoving light curve can be expected, for instance, if the surface brightness of the shell is non-homogeneous and/or if the density profile of the shell in which the shock is traversing has complicated radial profile. Therefore, we adopt the following criteria. If a significant substructure on top of a smoothly fitted pulse is within a time interval of 1/4 the FWHM of the main pulse peak and it contains more than 15 % of total flux in the main pulse, the pulse structure is thrown out. If the substructure occurs in a time interval of more then twice the FWHM of the primary pulse, then the pulse is treated as a independent event and fit separately. We believe that this limits the possible contamination of the sample with pulses that are actually a composite of overlapping emission episodes. The final sample consisted of 76 pulses within 68 bursts. This sample differs from those examined in previous studies such as Norris et al. (1996) because they primarily represent separable pulses that exhibit long decay tails that can be followed to background. Therefore, no attempt was made to perform deconvolution fits of overlapping pulses, for the purpose of obtaining robust measurements of the asymptotic decay of each pulse, which is not possible for overlapping regions of activity. For more details on the sample selection, see Ryde & Kocevski 2003 , in preparation. These bursts are presented in Table 1 , and are denoted by both their BATSE trigger numbers. The pulses within multi peaked bursts are distinguished by their t max value.
All of the background subtracted light curves were fit with the power law rise (equation 17) and the exponential rise (equation 23) functions via χ 2 minimization. To aid in this, we developed a graphical IDL fitting routine which allowed the user to set the initial pulse attributes manually before allowing the fitting routine to converge on the best fit model. The convergence routine utilized the Marquardt technique to minimize the difference between the model and the time profile by adjusting the model parameters and tracking the resulting effects on the χ 2 . In the case of the power law rise function, the free parameters were peak flux f max , position of peak flux t max , the rise index r, and the decay index d. Most of the GRBs had significant emission prior to the BATSE trigger time, so we introduced a fifth parameter t 0 which measures the offset between the start of the pulse and the trigger time. The initial value for t 0 was typically set to where the light curve would rise above 10% of the background, helping to eliminate the ambiguity associated with the start of the pulse. In the case of the exponential rise function, the free parameters were pulse amplitude A 0 , rise time constant τ r , decay time constant τ d , the asymptotic decay power law index d, and the trigger offset t 0 . Figure 4 are four example fits to the power law rise function. These pulses represent a good example of the clean separable FRED pulses chosen for this analysis and the degree of acceptability of χ 2 for our fits. Overall the power law rise function appeared to give a better fit to most of the pulses, which can be seen in the spread of the respective χ 2 distribution for our entire sample shown in Figure 5 . This is most likely due to the fact that the power law function allowed for the modelling of both convex and convex rise profiles, whereas the nature of the exponential function is limited to modelling concave shapes. This is a major constraint for the latter model since many GRB pulses that are arguably single emission episodes are seen to have concave rise profiles.
Results

Presented in
Rise and Decay Timescales
The primary pulse attributes that can be derived from fitting the time profiles are related to the pulse rise and decay rates. In the case of the power law rise function, these consist of the asymptotic rise and decay power law indices r and d described in §2.3. The resulting r and d parameter distributions for our entire sample are shown in Figures 6. The rise index appears to be the tighter of the two, with an mean value of 1.49 ± 0.25 and a standard deviation of 0.63. The decay index distribution is somewhat broader with a mean value of 2.45 ± 0.16 with a standard deviation of 0.76. The exponential rise function has no corresponding rise index, but rather the rise timescale is associated with the time constant τ r in equation (23). The fit results show that the rise timescale covers a very broad range of values with a median value of 2.55 ± 0.10 and a standard deviation of 2.51. The asymptotic decay index is similar to that found with the power law rise model except that it has a much broader distribution with a median value of 2.75 ± 0.12 with a standard deviation of 1.50.
Pulse Asymmetry
A measure of the average pulse time-asymmetry can be easily constructed using the fit parameters obtained from both models. Several authors have studied burst asymmetry properties in the past (Norris et al. 1996; Fenimore et al. 1996) -and found interesting correlations between the pulses asymmetries and other temporal properties. Norris et al. (1996) measured asymmetry values for some 400 fitted pulses and reported a general trend that narrower pulses tend to be more symmetric and have a harder spectra. This is often refereed to as the GRB pulse paradigm. Here we define the asymmetry as the fraction of the FWHM belonging to the rise phase of the pulse to the fraction belonging to the decay phase (see Figure 7 for an illustration). This description is independent of the model parameters used to fit the pulses and hence allows the asymmetry to be measured for both of the functions utilized in this analysis in a comparative manner. The resulting asymmetry distribution for the power law rise model is remarkably tight with a median value of 0.47 ± 0.08 standard deviation of 0.09. The exponential rise model provides similar results yielding a median value of 0.45 ± 0.07 and standard deviation of 0.07.
Alternatively, the asymmetry can be defined using the pulse's T90 instead of the FWHM. The rise phase would then be defined as the interval between where 5% of the pulse counts are accumulated to the time of peak flux as measured by the model parameter t max . Similarly, the decay phase is simply the time between the peak flux to where 95% of the pulse counts are collected. Note that here we are using T90 for the individual pulses, not the entire burst which is the common practice. Although this description is straight forward, it is somewhat more problematic when dealing with multi-pulsed bursts because subsequent pulses will routinely begin before the signal from the first pulse falls to within 5% of the background. It is presumed that the decay phase of the pulse is hidden under the rise phase of the following pulse, therefore in these cases the decay time is only a lower limit to the true length of the pulse's decay phase. This occurred in 10% of the pulses observed, so the effect on the overall distribution should be minimal. The resulting median asymmetry values using the T90 definition for both the power law and exponential models are 0.30 ± 0.04 and 0.21 ± 0.03 respectively. The resulting asymmetry distributions for the power law rise function for the FWHM definition is plotted in Figure 8 . Surprisingly, we find no evidence for a connection between the pulse asymmetry and the pulse duration (T90) for the individual FRED pulses. Likewise, we find no significant correlations between the pulse asymmetry and the pulse width (FWHM). The lack of any significant correlation can be seen in Figures 9. Both of these conclusions are contrary to the pulse paradigm referred to earlier and the disagreement is most likely due to the difference in sample used in the two studies. The Norris et al. (1996) study examined complex overlapping bursts for a majority of their data sample, where the majority of our sample consist of single peaked FRED bursts. This leads to the conclusion that most of the simple FRED pulses that were examined in our sample are extremely self-similar, independent of their duration and amplitude.
Correlations
We now examine several correlations between temporal properties measured from the pulse profiles such as the FWHM, rise and decay times and fluence values. First, Figure  10 shows the pulse rise time versus the pulse width as measured by the FWHM for our entire sample. The resulting linear correlation is a direct consequence of the tight asymmetry distribution discussed above. This same effect is also observed between the time constant τ r derived from the exponential rise model and the pulse width. Here again, the rise time constant, which is an alternative way of measuring the characteristic rise timescale, is linearly correlated to the FWHM. Note that the FWHM values plotted in Figure 10 are not normalized to any timescale such as the pulse duration, reasserting that the rise time is a constant fraction of the overall pulse width independent of the duration of the pulse.
Another correlation born from the data is the relationship between the normalized rise time and the decay power law index, which is shown in Figure 12 . Here the rise time is normalized to the FWHM of the pulse, so the longer the rise time, relative to the FWHM, the steeper the resulted power law decay of the pulse envelope. This is very interesting since the rise time is thought to be proportional to the dynamic or shell crossing time of the pulse and is generally believed to be independent of the subsequent fall of the FRED profile. A similar effect can be seen in Figure 11 where the pulse asymmetry data is plotted versus the asymptotic decay power law index. The degree of asymmetry is seen to be proportional to the decay index in such a way that pulses with steep decay profiles (large d) have a larger rise to decay ratio. The latter correlation is to be expected since as d tends to 0 the decay time approaches ∞ and hence the asymmetry tends to 0. A similar correlation is not seen with the rise power law index.
Discussion
The fit results presented above indicate that the analytic functions derived in Section 3 are quite successful in describing the overall profile of individual GRB pulses. These descriptions differ from those used in previous modelling surveys as they are motivated by physical first principles within the general fireball model with the requirement that the previously observed empirical relations for the spectral evolution must hold. These descriptions also build on the original Ryde & Svensson (2002) analysis by including a description of the rise phase of the pulse. Of the two assumed rise profiles presented in section 4, a simple power law rise seams to better describe the majority of the FRED pulses examined. This is one of the simplest assumption that can be made regarding the dynamic (or shell crossing) phase of a GRB pulse and may point to the explicit time dependance of the parameters internal to the shock such as Thompson depth or the magnetic field. Hence, the measured pulse parameters have the potential to be used as diagnostics of pulse characteristics such as Bulk Lorentz factors, Γ, shell radii, and thickness.
The decay power law index appears to cover a wide range of values with a median centered around 2.55, which is steeper than predicted by pure relativistic curvature due to a perfectly spherical shell. There are several mechanisms that can cause the decay envelope to deviate from the predicted spherical scenario, but the most obvious would be the breaking of local spherical symmetry. Both prolate and oblate shell geometries as seen by the observer will create Doppler profiles D(Γ, t) (and hence light curves) with resulting power law indices that differ from the spherical case. A prolate shell will create a steeper Doppler profile than that created by a simple spherical shell, causing the resulting spectral evolution and light curve envelope to decay faster. An oblate shell would have the opposite effect, creating a slower pulse evolution as compared to the spherical case. The extreme limit of the oblate scenario is such that the shell becomes a parallel slab, in which case for an unresolved source the Doppler profile approaches zero and any pulse evolution is directly due to the shell's intrinsic emission profile. This is illustrated in Figures 13 and 14 where the shell geometry is plotted along side the resulting Doppler profile for several prolate and oblate shock fronts. Figure 14 shows that the prolate shells (solid lines) have asymptotic power law slopes which are steeper then the spherical case (thick solid line) whereas the opposite is true for the oblate geometries (dashed lines). Because of this effect, the observed range of power law decay indices may be explained by a simple distribution of shell geometries, where the median decay index of 2.55 would indicate that, in the context of relativistic curvature, the majority of the analyzed pulses were produced by shells with a degree of curvature greater than that exhibited by a spherical shell. Such conditions are not unreasonable in the context of the fireball model and a simple angular dependance of the bulk Lorentz factor can easily produce an elliptical shock front that evolves as the shock propagates. The evolution of the shock geometry, from oblate at early times to prolate at later times, and a variation in the time in which the shell "ignites", during this evolution could account for the distribution of decay indices. Fenimore et al. (1996) and Fenimore & Sumner (1997) provide several other arguments in support of the breaking of local spherical symmetry, the most prominent being that the pulse photon light curves appear to evolve uncoupled to the GRB spectra. They find that the GRB spectra also evolves faster then the predicted rate of evolution due to the simple Γ(1−βθ 1 ) boost factor that is expected if spherical symmetry were to exist. This is consistent with our findings that the average light curve profile also decays faster than that predicted by the spherical scenario.
The asymmetry results are rather surprising and the reason for the tight asymmetry distribution among such a variety of GRB pulses is not immediately clear. It would indicate that the dynamical and angular timescales are not fully independent and that the observed rate at which the shell becomes active is dependant on the decay timescale and hence the curvature of the shell. A situation can be envisioned where a short comoving rise profile is delayed and boosted to the same degree as the shell's intrinsic cooling profile. If both of these timescales are extremely short as compared to the angular spreading timescale, then a relationship can be produced between the observed rise and decay profile. This effect could produce a narrow asymmetry distribution and would also predict a correlation between the rise timescale and decay power law indices, which is indeed observed in our sample. ? have discussed extensively the effect of varying intrinsic emission profiles and angular spreading timescales on the resulting light curve that is observed. They find that the resulting pulse asymmetry relies heavily on the convolution of the intrinsic emission profile and the angular spreading timescale. Therefore, future modelling of pulse timescales and shell geometries with the constraint that they produce the observed asymmetry distribution may yield clues to the pulse's intrinsic emission profile. Figure 13 . The prolate shells (dashed) yield a Doppler profile that is steeper than the spherical case (thick solid), whereas the oblate geometries (dashed) decay slower. 2 Interval between times when 5% and 95% of burst counts (above background) accumulate for each individual pulse. 
